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ADSTRACI

The Defense ogistcs Agency (DLA) currently operates 28 depots in the United

State from which It supplies over 45,0W customers willi over three million products

procured from over 10A00 suppliers, DLA plans to reduce its -Inatcur and proposes

to analyze its dishtriution system using the Strategic Analysis of Integrated Logistcs

Systems GAIMS model - a mixed integer linea progravimming model widely used by

civilian ognatnsto make faclity location and logbtic network design decisions. The

size of DLA~s disrbutidon system precludes directly evaluating all possible depot, product,

and custMer combinations. This thesis derives a 29 product, 113 customeraggregation

scheme which faclitates; SAILS execution and appean to adequtely capture sufficient

detail to accurately model DLA. Extensive comparison between this ag~regatilo scheme

&An others (44,49. and 67 liroduct; and 19 and 113 customer aggrqegodos) at 100, 90, 80,

5% and 30 peicet of derived depot dhoughpu copacity show solulou to deremt

aggregalonsws eslt in vilteluly idential cloomsure- - and total anua costs

This thesi shows how DLA can save over 300 nulo dollar anmualy through depot

closure and reorgnization. Acso o
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EXECUTIVE SUMNARY

This thesis shows how the Defense Logistic Agency (DLA) can

save over 300 million dollars annually through depot closure and

reorganization. This conclusion follows extensive analysis of

DLA's distribution network using the Strategic Analysis of

Integrated Logistics System. (SAILS) model - a mixed integer

linear programing model widely used by civilian organizations to

make facility location and logistics network design decisions.

This thesis derives a 29-product, 113-customer aggregation scheme

which facilitates SAILS execution and appears to adequately

capture sufficient detail to accurately model DLA. Extensive

comparisons between this aggregation scheme and others (44-, 49-,

and 67-product, and 199- and 113-customer aggregations) at 100,

90, S0, 50, and 30 percent of derived depot throughput capacity

show solutions to different aggregations result in virtually

identical closure recomaendations and total annual cost.

The Defense Logistics Agency (DLA) currently operates 28

depots in the United States from which it supplies over 45,000

customers with over three million products procured from over

10,000 suppliers. DLA must reduce operating costs to accommodate

declining Defense budgets. Consequently, a number of facilities

has been slated for closure or realignment under tt'e Defense Base

Realignment and Closure (BRAC) Commission's 1991 and 1993

recondations. OLA will plan further closures for 1995 using

the Strategic Analysis of Integrated Logistics Systems (SAILS)

vi



model. The size of DLA's distribution system precludes directly

evaluating all possible depot, product, and customer

combinations. Without aggregation, data input and output would

be overwhelming even if sufficient computer memory, computational

ability, and storage exist to solve the resulting SAILS' mixed

integer linear program.

Even with aggregation, modeling of DLA's extensive

distribution system requires enormous amounts of data. This

thesis uses the following information supplied by DLA: the 1992

Material Release Order files containing over 17 million material

shipment transactions totaling over 1 billion pounds from which

demand and customer information is obtained, depot fixed and

variable costs, and depot throughput capacity information.

Because of difficulty obtaining and manipulating the required

files, this thesis does not directly model subsistence mater'.al

which accounts for approximately 25 percent of total demand

weight. Instead, it uses a conservative estimate of the depot

throughput capacity. From all data, a 29-product, 113-custumer

aggregation sche is developed and extensively tested on a 586

66 1z personal computer with 261 megabytes of extended memory.

Solutions produced using the various aggregation schemes

indicate that significant annual savings of over 300 million

dollars can be realized from depot closures and reorganization.

Recommended closures decrease fixed and variable costs by

approximately 349 million dollars while i4creasing transportation

costs by 13.5 million dollars.
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5. zu ao1ctz9O

The Defense Loqistics Agency (DLA) must reduce it

operating costs to &ccomuodate declining Defense budgets.

Consequently, a number of facilities has been slated for

closure or realignment under the Defense Base Realignment and

Closure (BRAC) Commission's 1991 (BRAC Commission [19911) and

1993 (BRACCommission [1993)) reconmendations. DLA will plan

further closures for 1995 using the Strategic Analysis of

Integrated Logistics Systems (SAILS) model (INSIGHT Inc.

(1993J). SAILS is a computer proram widely used by civilian

conianies to make plant locati~n, warehouse location, and

inventory positioning decisions (Appendix A contains the.

underlying mixed integer linear program at the heart of

SAILS). The size of the DIA's distribution system precludes

directly evaluating all possible depot, product, and customer

cor.binations. Without aggregation, data input and output

would be overwhelming even if sufficient computer memozy,

cmputational ability, and storage exist to solve the

resulting SAILS' mixed integer linear nroqram. This thesis

defines aggregation schemes for DLA products, customers, and

suppliers for use in SAILS.

1
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a. wA!c

DLA's primary mission is timely provisioning of consumable

material to Department of Defense activities during either

peacetime or wartime. DLA's problem is how to maintain the

current level of customer service while closing existing

facilities and reducing operating costs. House [1978]

succinctly states DLA's dilemma:

The importance of the facility location problem is due
primarily to the fact that distribution centers represent
significant cost centers in the distribution channel...
distribution depots represent points where customer
service is provided through the maintenance of
inventories. In many situations, it can be shown that as
more facilities are sited there is a proportional increase
in the amount of customer service provided...[House 1978
p. 1]

The DLA distribution system is primarily a two-echelon

system where materials flow in large shipments from suppliers

to de.nots and from these depots in smaller order quantities to

the ultimate consumers. A small amount of material flows

directly from vendor to customer but suppliers do not

necessarily remain constant over time, and therefore this

thesis models DLA's distribution system as a pure two-echelon

system with no direct vendor to customer flows.

DLA manages a diverse nix of material including

subsistence items, aircraft repair parts, clothing, paper

products, fuel, medicines, and construction material (DLA,

[19921). To operate the distribution system, DLA has:

six inventory control points responsible for inventory
management of over three million line items.

2



* 28 distribution depots located throughout the United
States responsible for the receipt, storage, and
distribution of this material (DLA, 19921.

DLA has recently assumed greater responsibilities as the

Department of Defense (DOD) attempts to reduce operating costs

by consolidating operations. As the result of Defense

Management Review Decisions (DI4RD) issued by the Secretary of

Defense [19891, the following actions have increased DLA's

responsibilities:

"* Consumable items previously managed by the individual
services have been transferred to DLA; this action has the
potential to increase the range of materials managed by
981,000 line items (DHRD 926 (19891).

"* Distribution depots previously operated by the individual
se~ices have been transferred to DLA which increased
DL 's total number of depots to thirty two (DMRD 902
[1989]).

a. OiM• (CTIV OlF xUZW RZa=

This study develops aggregation schemes for DLA products,

customers, and suppliers which allow DLA's distribution system

to be modeled within SAILS and allows SAILS' underlying

mathematical model to be solved in a reasonable time without

significant loss of fidelity. To evaluate the validity of the

aggregation techniques, several commodity and customer

aggregation schemes are formulated. Comparisons are made

between the solutions generated from the different techniques

highlighting significant variation. The base year for

3



purposes of this study is fiscal year 1992. Historical files

for fiscal year 1992 show that DLA:

"* procured material from over 10,000 suppliers;

• processed and shipped over fifteen million requisitions

with a total weight of over one billion pounds; and

"* served over 45,000 customers including all military
services and other government activities.

C. M28Z OWUTLM

Chapter II discusses the 1978 Department of Defense

Material Distribution System (DODMDS) study and related

literature. Chapter III discusses the aggregation schemes

developed. Chapter IV provides computational experience.

Chapter V presents conclusions and recommendations. Appendix

A contains the underlying mathematical model used by SAILS.

Appendix B provides a listing of the material groupings

managed by DLA. Appendix C presents a statistical summary of

the material transaction file supplied by DLA for this study.

Appendix D details the four different commodity aggregation

schemes. Appendix E describes the customer aggregation

schees.

4
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The DLA distribution system was examined in 1978 by the

Department of Defense Material Distribution System (DODMDS)

study, a joint service effort commissioned after the Vietnam

War to reduce DOD operating costs. The purpose of this study

was to examine the existing distribution system and recommend

improvements which would support individual Service

operational requirements in an effective and efficient manner.

This chapter reviews this study and studies accomplished on

civilian distribution networks which are useful as a

foundation for developing aggregation schemes.

A. oraun OF2za o BWM YA UZWO YSYW

The DODWDS study, undertaken in April 1975, examined the

distribution systems operated by the Aimy, Air Force, Navy,

Marines, and DLA within the fifty United States. This study

examined the entire DOD distribution network which included

maintenance depots as well as storage facilities. All

material managed by these services and required within the

United States and overseas was included with the exception of

the following products: bulk petroleum, perishable

subsistence; ammunition; chemical, biological, and

5



radiological items; industrial plant equipment; and some r..ajor

end items (i.e., ships, aircraft, and strategic missiles)

(DODMDS (19781 Vol I p. 9). Because of the inclusion of

repairable components and the need for this type of miterial

to be returned to maintenance facilities for repair, the

material return network was examined as well. Released in

1978, the study provided an optimal distribution network for

DOD, but these results were never implemented.

The DODMDS study group acknowledged a problem which is

inherent in any examination of a system this extensive where

data aggregation is required:

Large scale studies have frequently been criticized for
aggregating a problem out of existence and unwittingly
biasing the results through the aggregation process.
(DODMDS (19781 Vol I p. 27)

DLA agreed with this criticism. In their opinion, data

aggregation significantly reduces the variability associated

with individual items and demand locations (DLA (19781). The

major assumption underlying the DODMDS study is demand

stability and this situation is not always the case with

DLA's demand patterns. Hobbs and Lanagan [19921 find that

demand stability for DLA requirements is an erroneous

assumption. According to their study, demand variability

exists on three levels:

* Examining total demand across all commodities and over a
10 year period, annual demand experiences a 33 percent
decrease from a peak year to the minimum period;

6
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"* Within t 4o commcdities examined individually (Electronics
and Geuce-al), annual demand decreases approximately 25 and
30 percent L.1Ipectively over a seven year period;

"* Using two different populations of items and the six
original Dl.P depots (Mechanicsburg, Richmond, Memphis,
Columbus, Ogden, and Tracy), Hobbs and Lanagan examine the
workload variability for these depots over a two year
period. For population A (103,000 items), these depots
experience shifts in the number of transactions from an
increase of 10 percent to a decrease of 3 percent and
decreases in shipment quantities from 12 percent to 20
percent. For population B (219,000 items), the number of
transactions vary from an increase of 9 percent to a
decrease of 7 percent and the quantities shipped vary from
a plus of 2 percent to a minus 23 percent;

"• Using the same two population groups (population A,
103,000 items and population B, 219,000 items) and 11
customer groupings, Hobbs and Lanagan examine the
variability of demand within customer clusters over a two
year period. For population A, the number of transactions
processed vary from a plus 8 percent to a minus 6 percent
and the actual quantities shipped varies from a minus 3
percent to a minus 29 percent. For population B. the
number of transactions vary between a plus 4 percent to a
minus 16 percent while the actual quantities shippedvaries from a minus 3 percent to a minus 26 percent.

These results show that customer demand may not be stable

between periods for a geographic location but offer no

predictive estimates of future demand patterns. Experience

with SAILS in the private sector (Karrenbauer [1994]) has

shown that demand variability with comnercial organizations

far exceeds that reported by Hobbs and Lanagan (19921 and that

DLA's distribution network can be meaningfully accominodated by

SAILS. SAILS develops a optimal strategic distribution

network (i.e., determines optimal depot locations for the

network operating over a long time-frame) as opposed to a

tactical or operational plan designed to make daily decisions.

7



This study, like the DODZ4DS study, bases its analysis and

conclusions on one year's historic data.

The aggregation techniques utilized in the DODMDS study

are used as a template for the schemes of this current study.

Specific similarities and differences between the aggregations

of the DOMSDS study and the ones presented in this thesis are

addressed in follow on chapters.

a. oT ilD=3

In recent years substantial research has been accomplished

discussing location analysis for plants, distribution

facilities, retail activities, and service centers (House

(19781; Geoffrion [1976]; Geoffrion and Graves (1974]; Ghosh

and Mclafferty [19871; Khumawala and Whybark (1971]';

Klincewicz (19851; Neebe and Khumawala [19811; Cooper (19671;

Geoffrion and Powers [19931). According to Geoffrion and

Powers (1993 p. 21, these studies have resolved the following

basic distribution network planning questions:

N How many distribution centers should there be and where
should they be located?

* What size should each distribution center be and what
products should it carry?

e What distribution center (plant) should service each
customer?

* Should all stocking points carry all products orspecialize by product line?

* How should each plant's output be allocated among
distribution plants/customers?

8



* What should the annual transportation flows be? Should
pool points be used, and if so where should they be?

* For a given level of customer service, what is the cost
savings for the proposed system?

On the other hand, there has been limited research conducted

on the aggregation techniques necessary to facilitate data

input into these models and the results these schemes have on

final solutions. As House and Jamie (1981) state:

Research conducted in the past several years has focused
almost exclusively on techniques employed in planning...
very little research appears to have been conducted in
determining the sensitivity of planning results to the
methods employed in aggregating data. (House and Jamie
(19811))

Recent improvements in computers and the location models

allow inputs to be much more voluminous and detailed than

previously, but data aggregation is still necessary. Bender

acknowledges the importance of aggregating data correctly:

The most critical step in the analysis and design
process is to' determine the right level of data
aggregation: the more aggregated the data, the greater
the potential errors in analysis, but the simpler it
is to analyze, and the cheaper it is to assemble.
(Bender (19851 p. 157)

DLA manages over three million line items.

Recognition of each of these products individually is

impractical for any facility location model thus some product

aggregation is required.

9



To aggregate products there are four factors according

to Bender which must be considered: (Sender [19851 p. 157)

"* Market: identify the top products which account for the
bulk of mater ial shipped; account for the different sales
ratios in the various markets;

"* Logistic: aggregate products with similar transportation
rates, handling, and storage characteristics;

* Production: aggregate products with similar unit
production costs and those produced in the same plants;
and

* Organizational: aggregate products based on any uni-.ue
requirements of the organization.

The aggregation studies reviewed in this thesis have

not concentrated on product aggregations. These studies

(House and Jamie [19811; Ballou 119911 and [19931) examine

distribution systems comprised of a limited number of consumer

oriented products or product lines where the need to aggregate

has not been considered or th% aggregation scheme is

straightforward. With product aggregation, the variability

inherent in individual products is redu-:!ed. Ballou 119911

diminishes the importance of product differences concluding

that these differences did not play a major factor in demand

cluster determinations:

Different transport rates associated with different
products do not significantly affect the number o.
clusters to be used. or the manner in which the clusters
are form.d... product differences and their shipment
sizes can be eliminated as an important variable in the
selection of demand clusters. (Ballou [19911 p. 14)

10
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Civilian distribution systems typically manage similar

products. Conversely. DLA handles a varied line of products.

This study determines whether product aggregation schems have

an imact on depot location decisions.

2. i m c aemaeazo

DLA has over 45.000 customers. Recognition of each of

these customers individually is impractical for any facility

location model thus some customer aggregation is required.

A number of approaches has been used by analysts to

aggregate customers including grouping customers by:

geographic proximity, type of customer, type of export, or

specific customer service requirements. Georeferencing

approaches typically rely on Standard Metropolitan Statistical

hreas, individual states, and postal zip code sections to

aggregate customers.

Sallou 119931 uses a method that is particularly

suited for this study whereby the 900 three-digit zip codes

are used as a starting point. The pair of zip codes closest

to one another are combined to form one cluster. This process

is repeated until the desired number of clusters is attained.

The center of the cluster is determined and this point becomes

the demand location for that grouping of customers.

Errors arise as transportation costs are calculated

based on distance measurements from the service center to the

midpoint of a cluster region as opposed to an actual location.

11
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Hillman and Rhoda (19781 state that three types of errors are

created as the result of this estimation:

* Cost error: cost errors results from measuring distance to
the service center from the aggregated point instead of
from the actual demand points;

• Error is created when the service center is located at the
aggregated point in which case the distance from service
center to demand is zero. This measurement underestimates
the true transportation costs as the center is actually
serving dispersed demand; and

e Errors are created when distances from aggregated demand
points to service center are used to assign demand to the
nearest center. In this situation some demand may be
assigned to the wrong center.

Hillsmmn and Rhoda [19783 analyze the magnitude of these types

of errors for contrived demand patterns. They conclude that

demand agregation causes distance measurement errors up to SO

for their contrived demand patterns and expect higher

percentages for actual systems.

Extending Hillman and Rhoda's research, Casillas

(19871 conducts a study which determined the effects certain

factors have on the facility location problem. Casillas

defines the following two types of errors created as the

result of demand aggregation:

• Cost-estimate error: the difference between the cost to
service aggregated demand from the optimal service
location and the true cost of servicing the unaggregated
demand from that location;

* Optimality error: the effect of misallocating demand to
service centers and the resultant mislocation of these
centers based on the use of aggregated rather than
unaggregated demand.

12
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Varying *the level of aggregation, the location of aggregated

demand points, and the number of service centers to be

located.6 his study determines the effect these factors have

on the objective function and the location of the service

centers. Casillas' results show that the cost-estimate error

is monotonically increasing with the number of source points

and the level of aggregation. The results for the optimality

error are not as conclusive in that there is no established

pattern relating the optimality error with the number of

source points and the level of aggregation. Casillas'

conclusion is that in general customer aggregation does not

have a significant effect on the location of service centers.

Current and Schilling (19871 also e4~end t"e research

of Hilisman and Rhoda. They state that d~mand alggregation

results in the loss of locational information which may result

in suboptimal service center location. Their study devises a

method of formulating the aggregated customer regions such

that all but the third error (assigning demand to the nearest

center) are eliminated. They compare their method to the

traditional methods of forming clusters. Current and

Schilling's study is accomplished on a distribution network

consisting of 681 nodes aggregated into 30 and 70 demand

units; five, seven, and nine source points; and uses four

Sdifferent sets of demand data. Using Casillas° definitions

for optimality and cost errors, their study yields the

following results:

13
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* both optimality and costing errors increase monotonically
with the number of sources; and

* both optimality and costing errors decrease as the number
of demand clusters increase.

Research conducted by House and Jaimie (19811 on a

distribution system consisting of seven market demand systems,

eight warehouse networks, three shipment size groupings, and

three consumer-oriented products reaches the following

conclusions:

* as the number of markets increases, the outbound freight
errors decreases:

- error in outbound transportation cost estimation can not
be reasonably controlled with market systems of less than
100 aggregated cuatomer points;

* shipment errors can be maintained within 2 - 3 percent
with at least 150 markets; and

a as the number of distribution points increases relative to
the number of markets transportation costing error
increases.

Sallou [1991 and 19931 extends the research conducted

by House and Jaimie [19813 examining the transportation

costing error occurring in a discribution system. Ballou

determines the effect the number of clusters, size of the

clusters, and the number of source points have on the

transportation costing error. Examining a distribution

network consisting of source points ranging in number from 1

to 100, market clusters ranging in number from 50 to 900, and

14
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shipmn.t sizes ranging from 500 pounC-s to a full truckload

Ballou 11993, p. 151 arrives at the following conclusions:

e the usual practice of using 100 to 200 clusters is not
applicable to all problems;

, controlling the cluster size during cluster formation can
significantly reduce transportation costing error;

• grouping customers by proximity is a reas.onable way to
form clusters and reduces transport costing error;

* costing error does not exceed 1.5 percent for carefully-
formed clusters;

* as the number of sources increases the costing error also
rises;

* costing errors are reduced with inr•reased numbers ofclusters; and

# costing errors increase as the number of facilities
increases relative to the number of clusters.

Ballou [1993, p. 171 presents recommendations fcc total

customer aggregations based on the number of source points,

allowable error, and cluster size expressed as a percentage of

total demsnd existing in the distribution network.

In suaory, all literature suggests that as the ni*,er

of customer groupings is reduced the area of the aggregated

zone increases resulting in an increase in transportation

costing errors. In the formulation of these customer

groupings, these authors agree that:

* aggregation by proximity is a reasonable approach; and

* as the number of sources or depots increase relative to
the number of customers, transportation costing error
increases.

15
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Ballou [19931 suggests that customer groupings in the 100 to

200 range is not applicable to all situations. For

distribution networks with 25 source points (DLA's size), his

study suggests that the number of customer groupings should be

in the 300 to 500 range. This recomnendation seems

inapplicable to DLA because the top 100 three-digit zip codes

account for approximately 84 percent of the material

processed. The contention here is that a significant increase

in transportation accuracy will not be gained through

increasing the number of customer groupings much above 100.

This study tests a range of customer groupings between 100 and

200.

3. 8OMVV.2 LZMinS

DLA has over 10, 000 suppliers. Recognition of each of

these suppliers individually is impractical for any facility

location model thus some supplier aggregation is required.

Other than the procurxuent source aggregation scheme

presented in the DOOM study, there appears to be no other

literature on supplier aggregation. The DODNDS study

identifies the rationale for aggregating material sources as:

•the large number and geographical dispersion of procurement

sources; the dimensional limitations of the analytical models;

and the need to make the data comprehensible to facilitate

analysise (WODS Vol III [19781 Section 4 p. 4.2). Because

of the similar objectives, it seems reasonable to aggregate

16

• • "'/ -*ii

" -i I ai \



suppliers in the same fashion as customers, whereby a

georeferencing system is used to identify major supplier zones

and those remaining are aggregated with the major ones based

on proximity. The specific approach used in the DODMDS study

is addressed in subsequent sections.

17
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This chapter discusses aggregation schemes for DLA's

products, customers. and suppliers. Similari.ties and

differences between aggregations in this thesis and the DODMDS

study are highlighted.

A. OSOngC AG3tG&!ZCU

DLA manages over three million line items. Recognition of

each of these products individually is impractical for any

facility location model: Some product aggregation is required.

The goal in this aggregation process is to develop categories

which are sufficiently homogeneous for modeling purposes:

Product groupings should have similar management, shipping,

and handling characteristics. Because the DODMDS study is

the only study of the literature reviewed which examines

product aggregations, the DODNDS study provides the template

for the schemes employed in this study.

Each item managed within the Federal supply system is

assigned a national stock number (NSN) which uniquely

identifies the item. The first four digits of the NSN is

referred to as the Federal Supply Classificatioc. (FSC) and the

last nine digits are the National Item Identification Number

(NIIN). Figure 3.1 provides an example of the NSN for a steel

wood screw. The four-digit FSC categorizes all material

18



managed within the Federal system. The first two digits of

the FSC identifies the major material groupings (in the

example shown in Figure 3.1. FSC group 53 signifies that this

item belongs to the Hardware and Abrasives group).

NATIONAL STOCK NUMBER

5305 - 00 - 010 - 19"L__JI II

/
FSC NIIN

Figure 3.1: National Stock Number for a steel screw. The FSC
5305 expresses the group and class for the item: Group 53
signifies this item belongs to the Hardware and Abrasives
Group and Class 05 signifies the item is a screw. The WIN
00-010-1944 uniquely identifies this particular steel screw.

There are sixty-eight different groups managed by DLA which

are listed in Appendix B. The second two digits represent the

FSC class which provides a more detailed description of the

type of material included in a group (Appendix B provides a

detailed description of the classes available in FSC group 53

Hardware and Abrasives). The FSC forms a natural grouping

mechanism since it "relates like items of supply and

19
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conversely separates unlike items of supply* (DLA HI [19851).

Because of the large number of items and the diversity of

material managed by DLA, the ease with which an aggregation

scheme based on this system could be implemented, as well as

the unique requirements of each service, aggregation

strategies based on FSC are the most appealing approach.

The product aggregations developed are based on the

Material Release Order files for fiscal year 1992 looking at

the commodities listed in Table 3.1. These files are provided

by the Defense Operations Research Office (DORO) and detailed

material shipments for the specific commodities for the year.

"1able 3.1: DLA provided the Material Release Order files for
tY199 which lists all depot-to-customer shipments for FY
1992. All material in the Material Release Order files are
labelled according to the following commodities.

C in~ty EsellDeseciptlaf
C Construction

E Electronics

G General

I Industrial

M Medical

T Textiles

Because of difficulty obtaining and manipulating the required

files, subsistence items (which accounted for 25 percent of

total shipment weight in the DODHDS study) are excluded from

20
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this study. This exclusion is modeled by using a conservative

estimate of capacity as discussed in the following chapter.

FSC offers an initial grouping of like items based mainly

on management criteria. Shipping and handling characteristics

are obtained by a statistical analysis of these groupings

which shows the degree of homogeneity within FSC. The DODMDS

study (DODMS [19781 Vol III Section 4) subdivided all items

within a FSC into fifteen intervals by unit weight, unit cube,

and unit price. Statistical analysis of these groupings was

accomplished to determine homogeneity within FSC. Four

independent groups of analysts determined that like FSC's

could be aggregated based on physical characteristics using

the following ranking scheme:

9 primary importance was placed on unit weight within FSC;

@ secondary emphasis was placed on the issue weight for
items within FSC; and

- the number of issues of individual items and the quantity
of items issued were considered within FSC.

This aggregation process was performed iteratively where

statistical analysis (calculation of mean and variance for the

above characteristics) of the groupings determined whether

aggregations were sufficiently homogeneous. The study derived

72-aggregate products which the DODMDS study concluded were

sufficiently homogeneous for modeling purposes. These 72-

aggregate products were further aggregated until 27-aggregate

products resulted.

21
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In addition to the DODOS study, a number of other

aggregation studies (See House and Jamie [19811; Ballou (19911

and (19931; Current and Schilling [19871) have focused on

shipment weight in transportation rate determination. As a

result of conclusions derived from these studies and on DLA's

evolution toward use of innovative depot-to-customer shipping

modes, this thesis concentrates on weight characteristics to

determine product aggregations.

A statistical analysis of the transaction files reveals

the following:

9 91% of the total weight issued is composed of just 90
FSC s;

e 90% of the total issues is accountg for by just 90 FSC's;
and

* 56 of the FSC's appear in both of these categories.

Because repairable components are not included, variability

within FSC groupings is not as significant as that found in

the DODDS study. However, as Appendix C shows, significant

variability still exists within FSC groupings. Further

analysis reveals that 92% of the material shipments are less

than fifty pounds. The material in the large weight

categories is significantly different from the norm which

helps explain the large varianc, found within each grouping.

The following four product aggregation schemes are

developed and provided in detail in Appendix D:

22
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* 67-aggregate products: Accomplished strictly by FSC
product groupings. No distinction is made within product
groupings between aviation and non-aviation related
material.

* 44-aggregate products: The 67 aggregate products are
further aggregated by grouping like items. A distinction
is made within groupings between aviation and non-aviation
related material.

• 29-aggregate products: The 44 aggregate products are
further aggregated by grouping like items.

49-aggregate products: This approach is based on demand.
Taking the top 75 FSC's by frequency of demand and total
weight requisitioned, the FSC's which appear in both
categories are the focus of a aggregate product and like
items are grouped with these major FSC's. No distinction
is made between aviation and non-aviation material within
these aggregate products. Those products annotated with
an asterisk in Appendix D7 represent aggregate products
which are not centered around an item appearing on any of
the top 75 list. Because this material is not similar to
material found within any of these major groupings,
separate aggregate products are created.

o�.cuam Temsa•:m

Customer aggregation is required to model the material

flows from the distribution facilities to the more than 45,000

individual DLA customers. As the DODMDS study states:

•Retaining the accuracy of demand location was most

significant since the structure of a distribution system

(distribution center location) is heavily influenced by the

geographical location of the demand and sources of supplys

(DOKDDS Vol III [1978] Section 2 p 2.1).

The DODWDS study (DOCNDS Vol 11 [19781 Section 2)

identifies the major installations by total demand and
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aggregates remaining activities with these major installations

based on proximity. This process is accomplished with three-

digit zip codes and the Department of Defense Automatic

Address Code (DODAAC), a six-digit code which identifies

individual activities. DODNDS examined the material flows

from depot to customer as well as material returns from

customer tc depot and created 205 aggregated groupings. Where

feasible, uniformed service identity was retained.

This thesis uses the three-digit zip code aggregation

facilities available in SAILS to aggregate customers.

Aggregation schemes are developed based on the top 259 major

American cities (as identified in SAILS, see Appendix E).

These cities 4re initially identified as the major nodes. All

customers outside these zones are aggregated with these major

areas based on proximity. Demand for deploying and overseas

activities is assigned to the two containerization facilities:

Mechanicsburg, Pennsylvania on the East coast and Tracy,

California on the West coast. Of the top 250 DLA customers

(as identified by three-digit zip code and total weight

received), 149 have three-digit zip codes corresponding

directly to the three-digit zip codes of the 259 major

American cities. Attempts to use this 259-customer model in

SAILS have been unsuccessful: The model dimensions are too

large to permit timely solutions. Using the transaction

information from the 259-customer model, two customer

aggregation schemes of 199 and 113 customers are developed.
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Those cities which had less than 100,000 pounds (1 million

pounds for the 113-customer aggregation) of shipment activity

are deleted as major nodes. The total weight received by

these cities amounts to 2.6 million pounds which accounts for

less than one percent of total weight shipped (39 million

pounds and less than 4 percent for the 113-customer

aggregation). The cities included in both aggregation schemes

are provided in Appendix E and a map of the cities comprising

the 113-customer aggregation is provided in Figure 3.2.

An analysis of the transaction file shows that of the top

100 three-digit zip codes (according , i tct.il weight shipped),

66 three-digit zip codes directly correspond to the three-

digit zip codes of the 113 major cities. These 66 three-digit

>1 zip codes account for 51 percent of total demand weight and 70

percent of the total requisitions.

C. UDMIU U &!UU

Supplier aggregations are accomplished to facilitate

dealing with the 10,000 material sources for the DLA

distribution system. For procurement source aggregation, the

DO•NDS study (DODSDS Vol III [19781 Section 4) examines a

number of alternate strategies and selected "the 80/20 rule*

(80 percent of the procurement activity represented by 20

percent of the three-digit zip codes) as the preferred

strategy: The DOMDMS study identified the three-digit zip

codes which provide 80 percent of the weight, 80 percent of

25



the procurement dollar value, and 80 percent of the total

transactions processed. Identified as nodes, these zip codes

represent fifteen percent of the total United States zip codes

Figure 3.2: Cities comprising the 113-customer aggregation
scheme. These aggregated locations are formed by taking the
259 major cities identified in SAILS and deleting those cities
which account for less than 1 million pounds of demand
activity (total weight received by these cities is 39 million
pounds and less than four percent of total weight shipped).

26
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and account for approximately ninety percent of the

procurement activity in all three categories. The remaining

sources identified by three-digit zip codes are grouped with

these nodes based on proximity.

Initially this study chose to follow the same approach as

the DODNDS study by identifying major supplier locations by

three-digit zip codes and aggregating minor supplier zones

with these primary locations. Because of difficulty with the

procurement file supplied by DLA, accurate replenishment

information is unavailable and therefore this study uses a

supersource or single location as the sole procurement source.

This location is a centralized location in Memphis, Tennessee

three-digit zip code 3 5. The DODMDS study uses a supersource

concept where the transportation rate from depot to customer

is calculated as if each customer receives the aggregate

product from all suppliers at the percentage of the total each

supplier provides systemwide. This thesis calculates the

transportation rates by aggregate product from the centralized

location to each depot (i.e., assuming all suppliers are

located at the supersource).

.. tzhomipozytLom Mode Aqgregeptlda

The DOD transportation system moves material via the

shipment modes identified in Table 3.2. This study

acknowledges a requisition priority by retaining the mode

27
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structure. To facilitate data input into the SAILS model,

the modes which experierce limitc.d use are aggregated with the

Table 3.2: This tablet provides the shipment modes, frequency,
and percentage of total shipments for the DLA material
shipments for TY 1992 as specified in the Material Release
Order f iles. Obtained from DLA, these files provide all
depot-to-customer material shipments for FY 1992.

_90 0.1~

000

E 1 0.00001
Moa -AMR kxraW F 7571 0.00024

147.0191

______ 1_41819_ 0.1049
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major modes as reflected in Table 3.3.

An analysis of the transaction files shows that 84 percent

of the material is shipped using five mod., of shipment.

The SAILS model has Yellow Freight and United Parcel

Service rate tables available to determine transportation

rates. Additionally, user-defined rates can be incorporated

into the model. This rate information is used to determine

an average rate per hundredweight (CWT) for each aggregate

product and depot-to-customer combination.

Because rate information for the transportation modes

utilized by the DOTD systen are not readily available, this

study chose to use the UPS and Yellow Freight rates available

in SAILS to estimate these averages. When the eleven

aggregated modes identified in Table 3.3 are used in the SAILS

model, the results produce excessive SAILS execution times.

These 11 modes are therefore consolidated into six shipment

categories and a shipment profile is created based on an

analysis of the transaction file. Table 3.4 details the

percentage of usage for each of the six modes and their

categories.
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Table 3.4: This table details the six alternate aggregated
transportation modes used with model runs, the SAILS rate
category used for each of these modes, and the usage
percentages. This information is used by SAZLS to calculate
an average rate per hundredweight for each depot-to-customer
link.

Mode Rate Category Percent

Truck Load 10000 TO 20000 lbs 32.95

Less Than Truckload 0 to 5000 lbs 42.94

Air Freight/Air UPS Next Day Air 2.72
Express

Local Delivery/Rail 400k to 999k 12.07

Surface Parcel Post UPS Surface Parcel 8.38
Post

First Class Mail UPS Second Day Air 0.94
MAC/QUICKTRANS

. oAul . i ws

This study includes the major depots examined by the

DOMDNS study with the addition of Naval Supply Centers in

Charleston, Pensacola, and Puget Sound. In 1992, OLA used a

number of secondary storage facilities which were subsequently

closed. The secondary sites shown in Table 3.5 have been

aggregated herein with the major depots based on proximity.

With the exception of those depots identified for closure in

1993 under BRAC (Charleston, Oakland, and Pensacola) (BRAC

[1993]), the major depots identified in Table 3.5 are the

remaining facilities subject to the next base closure

examination. Collocated depots (such as Tracy and Sharpe) are

31
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Table 3.5: This table provides a listing of the major depots
and the aggregation process this study uses to combine the
secondary storage sites with the major depots. Depots that are
annotated with an asterisk are slated for closure under BRAC
1993.

I-I
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maintained as separate entities. Figure 3.3 provides the

relative locations of the 28 major depots.

/e

Figure 3.3: The relative location of the 28 major depots where
secondary storage facilities are aggregated with the major
depots based on location proximity.
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IV. COPTTINL X"=nzcz

This chapter contains detailed information on test data,

scenarios tested, and solutions obtained using SAILS.

I. D ASUMBACTXOK FZZ

The Material Release Order files for fiscal year 1992

are obtained from the Defense Operations Research Office

(DORO) in Richmond, Virginia. Using the SAS software package

(SAS Institute Inc [1990]) on an AMDAHL 5995-700A mainframe,

data from the Material Release Order files are summarized and

manipulated into a transaction file 'which is customer demand

data) in the correct format for SAILS model input. Initially.

the Material Release Order file is comprised of approximately

17 million records. After extracting those requisitions

created during the base year and removing erroneous records,

a transaction file comprised of 15.8 million material

shipments and totalling 1.032 billion pounds is created.

Due to the size of this transaction file, product

aggregation is accomplished outside the SAILS model. Four

separate transaction files representing each of the product

aggregation schemes detailed in Chapter 3 is created for in.put

into SAILS. These files are formatted in the outbound

34



transaction file format (TF4) (INSIGHT Inc., SAILS Users Manual

(1993]) required for input into the SAILS model as depicted in

Table 4.1. To limit the size of the input file herein,

shipment date information is not retained. As a result, all

transactions for the period examined are assumed to be

processed on julian date 92001. This process can

underestimate total transportation costs as the model develops

transportation rates based on the shipment profile depicted in

Table 3.4.

Table 4.1: SAILS Outbound Transaction File Data Elements.
Four separate transaction files representing each of the
alternate product aggregation schemes is created for input
into SAILS.

Data Element DESCRIPTION

Customer Class shipment mode information

Customer Aggregation three-digit customer zip
Code code
Stock Code aggregate product number

Quantity total number of
transactions

Original DC code 3-character Depot Code

Julian Date 92001 (total annual demand)

Extended Weight total weight shipped for
that aggregate product,
depot-to-customer link
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The transaction file is sorted and summarized by aggregate

product number, three-digit customer zip code, depot, and

shipment mode. The total weight shipped for each aggregate

product and depot-to-customer link is calculated by

multiplying the total number of transactions for that link by

the mean extended weight (an average calculated by multiplying

requisition quantity times unit weight). File sizes for the

four transaction files are provided in Table 4.2.

Table 4.2: Four different Outbound Transaction Files are
generated based on the alternate product aggregation schemes
employed. This table details the total number of transactions
and file sizes for each of these files.

Product Total # of File Size
Aggregation Aggregate

Scheme Transactions (megabytes)

029" 309,300 36.2

"3448 360,497 42.2

649- 464,955 54.4

"670 388,001 45.4

2. VACZLI!Zf

Cost and throughput capacity information for the

distribution depots identified in previous sections are

developed based on information provided by DORO and DLA

Headquarters. Estimates of depot fixed and variable costs
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are based on information provided by DORO and are listed in

Table 4.3. This information represents fiscal year 1989

estimates of depot costs. Since these figures are estimates,

no attemp~t to convert these costs to fiscal year 1992 is

considered. Fixed costs are explicitly expressed and are

input into the model to the nearest hundred thousand dollars.

Cost information for Marine Corps facilities at Barstow,

Albany, and Cherry Point are not provided. Fixed costs for

these facilities are estimated at ten million dollars.

Variable costs provided by DORO are in unit cost per

transaction. Because all transactions in the SAILS model are

based on CWT, conversion is required. This study finds an

estimated average weight per transaction and multiplies this

figure by the number of transactions processed by each depot

as a rough estimate of total weight processed by the depot.'

The variable cost per CWT is then determined by dividing the

total variable cost for that depot by the total CWT processed.

Both depot fixed and variable costs are provided in Table 4 3.

Depot throughput capacity is calculated based on

estimates provided by DLA headquarters. These estimates are

based on the number of transactions a facility could handle in

a day at peak capacity. Since all model calculations are

based on CWT, conversion to the amount of CWT each facility

could handle is required. Additionally, these calculations

need to be annualized. The conversion process is similar to

the variable cost calculation where an average weight per
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transaction is estimated. This average is multiplied by the

maximum number of transactions the facility could handle daily

and a conservative estimate of the number of work days in a

year (250): Only 250/365 (68 percent). The resulting

throughput capacity is shown in Table 4.3. Because of the

close proximity of Mechanicsburg and New Cumberland. DLA

Headquarters expresses their throughput capacity as one total

which this study splits in half and reports for each facility

separately. This situation also exists for Sharpe and Tracy

on the West coast.

Table 4.3: The depot fixed and variable costs and throughput
for FY 92 used in the SAILS model.

Cod C~i PerCWT ~mPaw a"S)

-,,"--'-------37 13M
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The SAILS model is run under Windows NT on a 586 66NHz

personal computer with 261 megabytes of extended memory and

one gigabyte of disk space. With the smaller models (less

than 49 products and 113 customers), SAILS requires about 125

megabytes of extended memory to operate. The maximum level of

extended memory required is 225 megabytes occurring with 199

customer aggregations.

The approach here is to systematically reduce throughput

capacity across all depots to examine the effects these

reductions have on total costs and the recomnded depot

closures. Five separate versions of the model are run for

each of the aggregation schemes i at full depot throughput

capacity, and at 90%, 80%, 50% , and 36% of that capacity.

Additionally, the throughput capacity violation penalty

(available in the SAILS model) is maintained at a high level

to ensure no capacity violations within a depot.

Recall that DLA subsistence items which account for

approximately 25 percent of total demand weight are not

directly modeled in this thesis. The subsistence demand

weight is indirectly modeled by using a conservative estimate

of depot throughput capacity where a 250 day work year is used

instead of a 365 day work year (possible during peak periods).

Runs are accomplished under the four alternate product

aggregation schemes, with 113-customer aggregations, and at

39

N• .- ... .", " , - - • :...:p • ,• i ,.y •

-- . . .. " .. . " " . . .. -i-- e t'4 " "- "' . .. ," ,'



the five alternate depot throughput capacity levels. TO

determine the effects of a different customer aggregations,

additional runs are accomplished with a 199-customer

aggregation, 29-aggregate products scheme and at five

alternate depot throughput capacity levels.

Within SAILS, the ability exists to specify a maximum

distance between depot and customer. For all runs with the

exception of one test case, this distance is set at the

default setting of 7500 miles - essentially unrestricted.

C. Vausuza
Table 4.4 provides the number of variables and constraints

for the different models. Intuitively, it would be

reasonable for the number of variables to increase as the

number of aggregate products increases, but this is not always

the case. Recall that the 67-aggregate product scheme is

created by aggregating products by the two-digit product

group. The 44- and 29-aggregate produhct schemes are simply

further aggregations of the 67-aggregate product scheme.

Table 4.4 shows that different aggregation schemes for the 44-

and 29-aggregate product schemes create different depot-to-

customer grouping combinations. Recall that the approach is

slightly different for the 49-aggregate product scheme:

Aggregate products are created around those FSC's which

experience significant demand. This accounts for the higher

number of variables. By expanding the number of customer
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aggregations, both the number of constraints and variables

increases dramatically as expected.

Table 4.4: Five versions of a model depicting the DLA
distribution system are created in SAILS based on different
product and customer aggregation schemes. This table describes
the number of constraints and variables for each of these
SAILS models. By expanding the number of customer
aggregations, both the number of constraints and variables
increases dramatically as expected.

Aggregate Customer Constraints Variables
Products Aggregations_

29 113 3,308 78,971

44 113 3,308 74,708

49 113 3,308 80,132

67 113 3,308 67,609

29 199 5,802 132,777

The SAILS model develops an optimal strategic distribution

network (i.e., determines optimal depot locations for a

network operating over a long time-frame) as opposed to a

tactical or operational plan. As part of this strategic

modeling, SAILS sole-sources aggregate products to a specific

depot. SAILS creates two reports to help show the effect of

sole-sourcing. The accounting baseline reports the tactical

statistics on actual day-to-day operations and the model

41i
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baseline reports the same statistics prior to optimization

where aggregate products are scle-sourced to a specific depot.

Table 4.5 summarizes accounting baseline (actual depot-to-

customer shipments by Oproduct bundle* - an aggregate product

before sole-sourcing), model baseline (depo7-to-customer

shipments after sole-sourcing or assignment of a" aggregated

product group to a specific depot) and the optimal solution

for the 29-aggregate products, 113-customer aggregation, full-

capacity model. Comparisons between the baselino, and depot

capacities reveal that Albany is the only depot which exceeds

calculated capacity (this deviation is only 29.0)0 CWT; a

minimal amount in comparison to total weight shipped). Test

runs show that increasing Albany's throughput capacity by this

amount has no effect on solutions.

Figures 4.1 and 4.2 graphically depict depot t1-roughput

capacity, accounting baseline, and model baseline for the 29-

aggregate products, 113-customer aggregation, full capacity

model. Apparent in these graphs and in Table 4.5 is the fact

that the depots are not operating at or even near full

capacity.
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Table 4.5: FY 1992 Transaction Files show by depot the
accounting baseline (actual depot-to-customer weight shipped),
the model baseline (depot-to-customer shipment weight after
the aggregate product has been sole-sourced to a specific
depot), and the optimal solutionA for the 29-aggregate product,
113-customer aggregation SAILS model.
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Figure 4.1: FY 92 Comparison of the depot throughput capacity
to actual throughput for the 29-aggregate product, 113-
customer aggregation SAILS model. For example, M~echanicsburg
(depot code SA) has an estimated throughput capacity over fivemillion CWT but has actual throughput of less than two million
CWT.
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Figure 4.2: Comparison of the depot throughput capacity to
baseline model throughput for the 29-aggregate product, 113-
customer aggregation SAILS model. When compared to the
accounting baseline this shows the minimal effect sole-
sourcing aggregate products has on individual depot capacity
utilization.
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As depot throughput capacities are reduced, this

restriction should increase total costs. Figure 4.3 shows

that, as expected, throughput capacity is reduced and total

operating costs increase.

Table 4.6 summarizes costs for accounting baseline, model

baseline, and the optimal solution. Significant cost savings

are suggested: Modeled savings total over 300 million dollars.
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Figure 4.3: Depicts the total operating costs for each of the
five depot throughput capacities examined for the 29-aggregate
products, 113-customer aggregation SAILS model.

TOTAL COSTS]
750

700

mo -

1 0.0 0.6 0.5 0.3
5 Throughput Capecfy Lewis

Table 4.6: Cost Summarization for the 29-aggregate products,
113-customer aggregation SAILS model.

Costs Accounting Model Optimal

Baseline Baseline

Fixed Costs 418,200 391,000 68,700

Variable Costs 119,550 114,777 87,990

Capacity Viol 291,385 621,511

Replenishment 10,092 10,756 12,470

Outbound 408,202 342,182 353,999

Total (excluding 956,044 858,715 523,159
penalty)
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For purposes of this study, the solution gap (the

difference between a bound on the best possible solutions and

the best solution obtained) is three percent or less of total

costs. A detailed discussion of each model run is presented

in the following paragraphs.

Results of the runs accomplished at full depot capacity

are presented in Table 4.7. The solutions for the 29-, 44-,

and 49-aggregate product schemes are indistinguishable: Total

costs differ by only $30.000 between the different versions

and the recommended depot closures are identical. The total

costs for the 67-aggregate products are slightly higher, but

within the required solution gap. More importantly, the

recommended depot openingý differ by one facility. Unlike

alternate solutions. this'solution recommends that San Diego

remain open instead of Puget. Table 4.7 shows that if the

common configuration from the 29-, 44-, and 49-aggregate

products model is fixed in the 67-aggregate product model, a

smaller solution gap results. This shows that a number of

alternate DLA depot configuracions are realizable, all with

comparable cost savings.

Table 4.8 presents results obtained when all depots are

only allowed 90 percent of their estimated throughput

capacity. As expected, total costs for tne 29-aggregate

product model are higher than at full capacity.
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Table 4.7: Solutions to the full capacity model with 113-
customer aggregation. Alternate product aggregations produce
the same depot closure decisions. The solution gap represents
the difference between a bound on the best possible solution
and the best solution obtained.
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Table 4.8: Solutions to the 90 percent capacity model with
113-customer aggregation. Alternate product aggregations
produce the same depots closure decisions. Solution gap
represents the difference between a bound on the best possible
solution and the best solution obtained.
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A reduction in the number of open depots is apparent when

comparing the full and 90 percent capacity versions: San

Diego, a larger depot, replaces both Puget and Corpus Christi.

Because total throughput capacity available at both Puget and

Corpus Christi is less than that available at San Diego, this

alternative is a viable one.

When the solution for recommended depot closures from the

full capacity run is established in the 90 percent capacity

version, both the recommended number of open depots and total

costs increase as expected. However, both solutions are

within the required solution gap reinforcing the idea that a

number of alternate solutions is possible.

I In the 90 percent capacity model, the recommended depot

configuration for 67-aggregate product version differs from

the others. In this version, Puget remains open which results

in six total depots remaining open as opposed to five from the

other versions. As the depot configuration from the others is

established in the 67-aggregate product model, total costs

and the solution gap are less than the previous version.

With 80 percent capacity, total operating costs are

expected to increase. Table 4.9 shows that all versions

result in these cost increases and that depot configurations

are varied among the different models: 29- and 67-aggregate

product versions agree with low solution gaps and the 44- and

49-aggregate product versions agree with slightly higher

solution gaps. When the depot configuration from the 29-

5o



aggregate product version is fixed in the 44- and 49-aggregate

product models, solution gaps increase. Solution gaps from

these subsequent runs are still within study requirements and

therefore represent viable alternate solutions.

At 50 percent capacity, the restricted models become much

more .,fficult to solve and the results vary. Solution gaps

are higher than three percent of total costs and attempts to

reduce them result in run times in excess of four hours.

Furthermore, attempts with all models to *lock in* the 29-

aggregate product solution for comparison purposes also result

in long run times. The results provided in Table 4.10

reflect solutions that are within solution gaps of less than

five percent.
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Table 4.9: Alternate solutions to the 80 percent capacity
model with 113-customer aggregation. Alternate product
aggregations produce the same depot closure decisions.
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Table 4.10: Solutions to 50 percent capacity model with 113-
customer aggregation. Run times in excess of four hours are
experienced when attempting to remain within the three percent
solution gap. Although depot closure recommendations are not
uniform among all models, six common depots are recommended to
remain open.
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Run times for the 30 percent capacity models are

excessive. Results are obtained for the 44-, 49-, and 67-

aggregate product models, but not within the required solution

gap (three percent of total costs). As shown in Table 4.11,

a successful run is attained for the 29-aggregate product

version, but requires over eight hours of run time. An

interesting situation occurs at tMe 30 percent capacity levels

for all versions of the model: Hill is forced into the

solution. kegardless of the throughput violation penalty

setting, Hill consistently exceeds capacity by 53,000 CWT.

Therefore, to achieve any results, the throughput capacity for

Hill is increased by 53,000 CWT.

Table 4.11{ Solutions to the 30 percent capacity model with
113-customer aggregation. Run times in excess of eight hours
are experien.zed when attempting to remain within the three
percent solution gap. All aggregations report same depot
closures and four common depot closures are recommended
regardless of which model is used.
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A 29-aggregate product, 199-customer aggregation model has

been created to determine the effect additional customer zones

have on total costs. Recall that numerous studies report a

decrease in transportation costing errors when the number of

customers is increased. Results from this model are compared

to the solutions from the 29-aggregate product, 199-customer

aggregation model. At full capacity, no real difference is

noted as the same six depots remain open and total costs are

near equivalent. Results from the 90, 80. 50, and 30 percent

depot throughput capacity models for this version differ from

those of the 29-aggregate product, 113-customer aggregation

version. Additional runs have been tequired where the

solution for 29-aggregate product , 113-customer aggregation

model is fixed in these subsequent models. Table 4.12 shows

that these additional runs provide equivalent or lower

solution gaps. Based on these results, additional customer

zones would not result in increased detail or significant

differences in total operating costs.

All model versions up to this point have not restricted

the maximum distance between depot and customer. As this

distance is limited, more depots may be required to satisfy

customer demand or the solution may retain high cost and less

efficient facilities just to meet this restriction. These

additional facilities improve delivery times and customer

service yet increase total operating costs. With recent

improvements in transportation services, delivery times have
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been improved significantly. Therefore, the additional cost

to retain depots to maintain customer service levels may not

be warranted under current conditions. This study ran a model

with the depot to customer distance restricted to 1000 miles

for the 29-aggregate products, 113-customer aggregation, full

capacity model. Table 4.13 ccwpares the results between the

restricted and unrestricted versions.

Table 4.12: Solutions for the 29-aggregate products, 199-
customer aggregation model demonstrate that different customer
aggregations produce essentially the same depot closure
decisions.
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When this distance is restricted, total operating costs rise:

The increase is the result of retaining higher-cost facilities

sufficiently close to *reach% customers. Figure 4.4 shows

that a small percentage of total demand is satisfied beyond a

1,000 mile range even when there is no range restriction: This

implies that there should not be a significant change in

outbound costs as range is restricted to 1,000 miles which is

the ca3e.

An additional run is made with a 300-mile limitation to

determine the effects on total costs and the number of

recoamended depots remaining open. As expected total costs

increase dramatically and the number of open depots increases

to 16. In this solution, both capacity violation penalties

and lost demand penalties (where it is more economical to not

satisfy certain levels of customer demand) are incurred.
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Table 4.13: Two models are created where the maximum distance
between depot and customer is set at 7500 miles (unrestricted)
and 1000 miles (restricted). This table shows that cost for
the two models only varies slightly.

1ONOuIRbi Jinx I TmksrI COepLM

LN i7 7 1 24 MM =3159 MeCh I Ogdwn I Jn

IServAc Range Comparsonn

IrMI

Figure 4.4: Two models are created where the maximum distance
between depot and customer is either 7500 miles (unrestricted)
and 1, 000 miles (restricted) . This histogram presents the
percentage of customer demand satisfied at the various depot
to customer distances. Because most demand is satisfied
within the 1,000 mile range even when range is unrestricted,
there is not a significant increase in total costs.
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This thesis shows how the Defense Logistics Agency (DLA)

can save over 300 million dollars annually through depot

closure and reorganization. This conclusion comes from

extensive analysis of DLA's distribution network using the

SAILS model. This thesis derives a 29-product, 113-customer

aggregation scheme which renders a SAILS model of DLA that is

easy to use and retains essential fidelity. Extensive

couqparisons between this aggregation scheme and others (44-,

49-, and 67-product; and 199- and 113-customer aggregations)

at depot throughput capacities of 100, 90, 80, 50, and 30

percent of remaining capacity show that:

9 DLA depots currently have excess throughput capacity
available; and

* alternate solutions are possible under the current DLA
distribution network.

A discussion of each of these points is presented in the

following paragraphs.

DLA depots currently have excess capacity. Even when

customer service range is restricted to 1,000 miles from the

supplying depot, significant cost reductions in distribution

network costs can be achieved without a corresponding decrease

in customer service levels.
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Results from the different aggregation schemes show that

alternate solutions are possible at about the same cost level.

As the solution from the recommended model version is fixed in

those models which deviate from the 29-product. 113-customer

aggregation version equivalent solutions are obtained. For

this reason and the fact that the smaller version results in

responsive SAILS execution, the 29-product, 113-customer

aggregation model is recoumended to model the DLA distribution

network.

Recall that a customer service restriction where the

maximum distance between depot and customer is restricted to

1000 miltis led to an increase in total operating costs of over

30 million dollars. As this distance is limited, more depots

may be required to satisfy customer demand or the solution may

retain high cost and less efficient facilities just to meet

this restriction. This study contends that with recent

improvements in transportation services and delivery times no

significant improvement in customer service is obtainable by

ensuring depots are located "close" to or even collocated

with all customers.

Though the personal computer version of the SAILS model

used in this study accommodates a large transaction file,

certain aspects of model setup should still be performed

outside SAILS . Because SAILS does not possess all of the
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rate structures for modes used by DOD, this study recommends

that transportation rates for each product aggregation, depot,

and customer link be developed outside the model and provided

as user-defined values. Because of the limited nature of this

study and the lack of readily available data, this approach

has not been feasible.

DLA depots currently have excers capacity. Depot closure

and reorganization is inevitable under declining Defense

"budgets. This thesis has demonstrated the flexibility of the

SAILS model and its usefulness as a tool to make these closure

decisions. Though major concerns exist within DLA about data

aggregation, this thesis has ahown that data aggregation does

not lead to significant modeling discrepancies within SAILS.

The 29-aggregate product, 113-customer aggregation model is

the means to model DLA's distribution network and SAILS is the

tool to make these depot closure decisions.
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APPNDIX A

The following mathematical formulation is the general form of

the SAILS model:

HMODR& FODWL&TXON

indices

i Products (aggregated groups of National Stock Numbers)

v Suppliers (aggregated supplier regions)

d Distribution depots

c Customers (aggregated customer regions)

Data

SUPi.v Supplies of each product by supplier

BUYiV Cost of each product by supplier

INBi,,.,i Inbound transportation cost per product unit~by
vendor/depot

VCST1 .,1 Variable handling cost by product/depot

FCSTd Fixed cost of operating the depot

BRDN1 .,1 Burden rate per product unit by depot

LCAPd Lower/Upper capacity of depot (in burden units)
UCAPj

OUTB1 ,1 ,- Outbound transportation cost per product unit, by
depot/customer

OUTBDi,,. Outbound transportation cost by product from vendor
to customer

DEMj,, Demand by product/customer
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VA-TRI

K i~vsi Inbound flows by product from supplier to depot

Y1,1,.. outbound flows by product from depot to customer

Z.,1  Binary variable to open/close depot

* 1dC Binary variable for sole sourcing by product/depot to
customer

Pi*-. Plant direct shipments by product from supplier to
customer

UMN Yiv BUY~~, + INBl,,d + VCSTi1 j)Xivd + 7-idc(OUThidCYidC)

It(FCSTdZl.I + IEv, (BUYIV +OUTBDjV,.)PjVr

inubi to

1) Zivdx + Y~~.1: SUPPLYIV V i~v

2) Zj1Y41& + Ywiv DEMic V i,c

3) YZv(BRDNjx~,fj) :5 UCAP,1Z,, V d

Y-1~(BRflNj,jX1j.) k LCAPdZ,i V d

4) IZi(FCSTdZ(,) :5 BUJDGET

5) Qi.i1 - S Z,., V i,d~c

6) Z~Xiv,1, 2t laX1 .1, V i~d

7) 'Yji.: :5 DE41 ,,: Qj,I,! V i.d~c
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1) Demand can not exceed supplier's capacity.

2) All customer demand must be met.

3) For each depot, throughput must not exceed depot capacity.
Since handling of appregate products is not uniform, a
burden rate is determined for each aggregate product.

4) The fixed cost of operating depots must remain within
budgetary constraint3.

5) This constraint ensures that *sole sourcingg a customer
zone assignments can only be made to open depots.

6) This is the flow balance constraint.

7) Customers are sole sourced for each product to a specific
depot.
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